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Introduction to large-scale accelerator devices

CSNS HEPS LHC CEPC

Purpose Neutron scattering High-energy photon protons or heavy ions collision Electron-positron collision

Energy Level 1.6 GeV proton beam Planned 6 GeV electron beam
13 TeV proton beam Planned 240 GeV center-of-mass 

energy

Ring circumference 228 meters 1360.4 meters 27 km ~100 km

Accuracy requirement 150 ɛm 50 ɛm 150 ɛm 100 ɛm

Control network survey time (2 

groups)
5 days 36 days 563 days ~2000 days

Construction Completed and operational Under construction Completed and operational Proposed, planning and design phase

Table 1 Comparison of CSNS, HEPS, and CPEC Accelerator Facilities

As the scale of alignment increases, it is crucial to improve efficiency while maintaining accuracy.
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Introduction of total station

Angle Measurement

Accuracy (Hz/V) Absolute encoding, continuous, quadruple-axis compensation 0.5" (0.15mgon) or 1" (0.3mgon)

Distance Measurement

Range
PrismЃGPR1, GPH1PЄ 1.5 m to3500 m

Non-prism/Any surface 1.5m to Й1000m

Accuracy/Measurement 

time

Single prism 0.6mmІ1ppm / typical 2.4 seconds

Any surface 2mmІ2ppm / typical3 seconds

Beam size 50 m 8mm¦20mm

Measurement technology Phase-based system analysis technology coaxial, red visible light

Imaging

Wide-angle camera and 

telescope camera

Sensor 5-megapixel CMOS sensor

Field of view (Wide-angle camera/Telescope camera) 19.4£ / 1.5£
Frame rate Up to 20 frames per second

Motor

Direct drive, piezoelectric 

ceramic technology
Rotation speed/ Face change time

Maximum180£Ѓ200 gonЄpersecond / 

typical 2.9 seconds

Long-range automatic target recognition (ATR)

ATR mode Range
PrismЃGPR1, GPH1PЄ 3000 m

360£prismЃGRZ4, GRZ122Є 1500 m

Accuracy/measurement 

time
ATR angle measurementЃHz/ VЄ 0.5ñ or 1"/ typical 3-4 seconds

Only Angle observation 

+ distance constraint

Table 2 Parameters of the Total station TM50i
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Principle of Angle Intersection

H

z

V

Zenith

Å Distance constraint (Fixed scale)

Å Directions

Å Angles(asdifferencesof directions)

ï Horizontal

ï Vertical or Zenith

Calculations/ Estimations:

Å Distances

Å Angles

+ Coordinatesw.r.tareferencesystem

Measurement/ Observation:
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ṌMultiple factors accumulation cannot guarantee repeatable accuracy.

ṌThe angle observation process requires the observer to have proficient measurement skills.

Challenges

Mismatch between theoretical and measured values in triangulation: 

Closing error

Å a + b + c Í180£

Å c + d + e + f Í 360£

Å Environment

Å Instrumentation

Å Observer

Ÿ Constant temperature

Ÿ Higher accuracy

Ÿ Avoid changes due to observers

VariationbetweenrepetitiveObservations: b d 
c e

a

f

Angle Intersection Method

Automatic target recognition
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Problems of Angle Intersection

ProblemsЕ

Error propagation +accumulation

Solutions:

Å Observations enough

Å Observations repetition

Å Observations redundance

Å Baseline in propre location

Å Automatic target recognition (ATR)

Å Adjustment method

In view of the above principles and methods, the high precision measurement method of 

accelerator tunnel control network based on Angle observation of total station is studied.
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P03P04

China Spallation Neutron Source

CSNS device coordinate system

The overall system of the China

Spallation Neutron Source (CSNS)

consists of an accelerator, target

station, and spectrometerhall. The

acceleratoris divided into threeparts:

Linac, RCSring, andtransportlines.

The CSNS beamline has a total

lengthof approximately650meters.

a

the

is

plane,

the

the

positive

linear

is

axis

of

-

X

Y



Results

Conclusions

Introductions

Methods

Outlooks

No. 12

High-Precision and High-Efficiency Measurement Method of Accelerator Tunnel Control Network Based on Total Station Angle Observation

CSNS Ring Tunnel Control Network

We usedthecontrolpointsto determinethe instrument

attitude. The transferstation is bonded,and then the

equipmentpointsin thecontrolnetworkaremeasured.

Sincethetotal stationhasthesameanglemeasurement

rangeas the lasertracker,we replacethe lasertracker

with the total station. The adjustmentresultsfrom the

laser tracker are used as the theoretical coordinate

values,andthestationpositionsof the lasertrackerare

usedas the stationpositionsfor the total station. For

eachstation,all thecorrespondinghorizontalangleand

zenith observations are generated for the points

measuredby the laser tracker, with an additional

random observation error of 1ǌ. These simulated

observationsaretakenasthe total stationobservations

for all pointswithin thetunnel.
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Station Setting System of Total Station in Tunnel

Station Setting System of Total Station 

in Tunnel

TM50 I and ceramic balls

Leica ɛbase laser rangefinder (10 ɛm)


